Mushroom cultivation has become an important component of agriculture, providing food and contributing to the global economy. It uses vertical space and addresses issues of food quality, health improvement, and environmental sustainability. Auricularia mushrooms are popular ingredients in traditional Chinese cuisine. The objective of this study was to determine yield and evaluate radical scavenging capacity of A. polytricha cultivated on rubberwood sawdust on a large scale; we measured total phenolic content; DPPH, hydroxyl, superoxide anion, and peroxyl radical scavenging; and reducing power. Cultivation on rubberwood sawdust produces an average of 4 harvests per bag and a
I. INTRODUCTION
Mushrooms of the genus Auricularia, commonly known as wood ear mushrooms, are edible and mediciAuricularia are currently the fourth most important cultivated mushrooms, after Agaricus spp., Pleurotus spp., and Lentinus edodes. 1, 2 China is the largest producer; production in Malaysia is low because of a lack of technology.
Auricularia polytricha (Mont.) Sacc. (Auriculariaceae, Auriculariales, Agaricomycetes) can be cultivated on any agricultural wastes as fruiting substrate and can grow in tropical climates, like that in Malaysia. 3 The not often used for any further downstream operations 4 ; however, mushroom cultivation presents a viable Pleurotus species, mainly on rubberwood sawdust. This presents a problem in marketing and price competition among growers because Pleurotus has a short shelf-life. 5 A. polytricha has a long shelf-life, as it can be dried; hence, it is good alternative species for growers to cultivate.
Reactive oxygen species (ROS), characterized by high chemical reactivity and derived from oxygen metabolism through the reduction of molecular oxygen, are found in all biological systems. ROS consist of nonradical derivatives of oxygen, which include hydrogen peroxide (H 2 O 2 ) and peroxynitrite. 6 Every ROS possesses its own unique chemical characteristics, even though they are all derived from - 7 however, their electrophilic property makes them hardly able to permeate the cellular membrane. As an alternative, they go through ion channels. 8 Under physiological conditions, a low concentration of ROS is essential to crucial physiological functions such as gene expression, cell growth, and defense against infection. 9 However, excessive ROS result in a condition known as oxidative stress, which leads to damage to cells, proteins, lipids, and DNA, and ultimately contributes to chronic and degenerative diseases as well as the aging process, which results from cells that are incapable of neutralizing ROS. Many health organizations recommend the consumption of complete foods rich in naturally occurring antioxidants, including nutrients (e.g., vitamins) and phytochemicals (e.g., polyphenols), because they are essential in mediating endogenous antioxidants to neutralize oxidative stress.
10
-11 Edible mushrooms are widely known for containing few calories and large amounts of polysaccharides, proteins, vitamins, minerals, 12 and secondary metabolites, including a variety of phenolic compounds. 13 Mushrooms not only are a source of nutrients, but they also have been reported as therapeutic foods that are useful in preventing diseases such as hypertension, hypercholesterolemia, and cancer. 14 In general, studies of Auricularia species focus mainly on polysaccharides; very few studies were done using a solvent extract. For instance, Yu et al. 15 conducted a study of the anticancer activity of polysaccharides from A. polytricha. Another study evaluated the hypocholesterolemic effect and antioxidative status of an aqueous extract of A. polytricha in an animal model of nonalcoholic fatty liver. 12 Other research studied the extraction of a soluble polysaccharide from A. polytricha and evaluated its antihypercholesterolemic effect in rats. Chellappan et al. 16 investigated the effect of an aqueous extract of A. polytricha in rats with paracetamol-induced hepatotoxicity. The objectives of the present study were to evaluate large-scale A. polytricha cultivation on rubberwood sawdust and to evaluate the total phenolic content and antioxidant capacity of solvent extracts of this cultivated edible mushroom.
II. MATERIALS AND METHODS

A. Mushroom Material and Culture Conditions
A. polytricha culture was obtained from the culture collection at the Mycology Laboratory at the University of Malaya. Mycelia were grown on malt extract agar (Oxoid) until they fully colonized the Petri dish (~7 days).
Preparation of Spawn
Wheat grains were used as the spawn medium; they were washed thoroughly with warm water and mixed then autoclaved for 2 hours to sterilize it then, once cooled, was inoculated with 5 mycelial plugs (7-mm diameter). The spawn bag was incubated at 25°C for 3 weeks until the mycelia fully colonized the grains.
Fruiting Substrate Preparation
The fruiting medium bag was prepared by mixing 60 kg rubberwood sawdust, 7.2 kg rice bran, and 2 kg calcium carbonate (100:12:2) using a mixer. Tap water (40 L) was added so that the moisture content of the adjusted to 6 using a wood-vinegar solution. Then the mixture was distributed into 9-inch-high polyethylene bags closed with plastic necks and caps; the dry weight of the substrate per bag was 300 g. The bags were arranged in iron baskets to be steamed in a steamer at 80-90°C for a minimum of 8 hours.
Inoculation and Mycelial Colonization
A. polytricha spawn was inoculated centrally into the cooled sawdust bags; a hole was made to allow for 2 points inoculation. We prepared 1000 replicate bags. The bags were capped with cotton caps sprayed house, with an average temperature of 28-30°C, for 30 days.
Fruiting and Yields
After the mycelia had fully colonized the fruiting bags, a 3-cm slit was made on both sides of the bag using a sterilized blade. Primordia were induced using wood-vinegar solution (pH 4), which was either and 100 lux. The slit was sprayed with water for 3 consecutive days to enhance the fruiting process. The sporophores matured gradually and were able to be harvested within 2 weeks. The fruiting bags were allowed to rest for a week in a dark and dry location. After that we aerated the bags, provided dim light, and sprayed water into the slits, and fruiting resumed. A mist system was installed in the mushroom determined as the ratio of the weight of fresh mushrooms harvested to the weight of the dry substrate (300 g) used and expressed as a percentage.
B. Chemicals
All chemicals and reference compounds were purchased from Sigma-Aldrich Chemical Company. The following chemical substances were of analytical reagent grade: Folin-Ciocalteu reagent, DPPH, trichloroacetic acid (TCA), potassium ferricyanide, ferric chloride, 2-thiobarbituric acid, nitro blue tetrazolium,
C. Preparation of Extracts
Dry powder of A. polytricha the vials, at which point the extraction yields (percentages) of A. polytricha were determined. The dried extracts were weighed, and the extract yields obtained were as calculated. The respective ethanol extracts were stored in a refrigerator at 4°C before antioxidant assays.
The ethanol residue was suspended in distilled water (100 mL) and partitioned successively with hexane (100 mL) and ethyl acetate (1:1) under mild shaking to fractionate the nonpolar and polar compounds in the crude extract. This partitioning was conducted 3 times to obtain hexane, ethyl acetate, and aqueous acetate fractions were evaporated to dryness under reduced pressure, whereas the aqueous fraction was freeze-dried. The fractions were stored at 4°C before analysis.
D. Folin-Ciocalteu Assay
The total phenolic content of all samples was determined using the Folin-Ciocalteu reagent as described by Mayur et al., 17 was prepared using different concentrations of gallic acid in methanol (0.2-1 mg/mL). Both mushroom carbonate. After incubation in the dark at room temperature for 30 minutes, absorbance was read at 750 nm. The reduction of Folin-Ciocalteu reagent by the samples was expressed as milligrams gallic acid equivalent (GAE) per gram fractionated sample. All of the samples were analyzed in triplicate, and the results were expressed as the mean ± standard deviation.
E. DPPH Radical Scavenging Assay
We estimated the scavenging activity of samples according to the procedure described by Zhao et al., 18 A. polytricha fractions was examined through comparison against that of Trolox, a water-soluble analog of vitamin E and a known at different concentrations, and the resulting mixtures were left at room temperature in the dark for 30 minutes. Absorbance was then measured at 517 nm. The scavenging effect was calculated based on Eq. (1):
where A sample represents the absorbance of DPPH solution plus the samples and A control represents the absorbance of DPPH solution without sample. The half-maximal inhibitory concentration (IC 50 ) was determined by plotting the scavenging effect (percentage; y-axis) against the sample concentration (x-axis)
F. Ferric-Reducing Antioxidant Power
The reducing power of samples was determined by the method of Murugan and Iyer, 19 with some modi--culated antioxidant activity of the samples based on the Trolox standard curve; values were expressed as milligrams Trolox equivalent (TE) per gram sample.
G. Superoxide Anion Radical Scavenging
A superoxide anion scavenging assay was carried out according to Chien et al., 20 In this assay, the reaction mixture contained 50 μL phosphate buffer (0.2 M; pH 7.4), 50 μL NADH mixture was incubated at room temperature for 5 minutes. Formation of blue formazan dye was measured 
H. Hydroxyl Radical Scavenging
I. Oxygen Radical Absorbance Capacity
The oxygen radical absorbance capacity (ORAC) assay is based on the scavenging of peroxyl radicals generated by AAPH. 
J. Statistical Analysis
All bioassays were performed in triplicate and results were expressed as the mean ± standard deviation. P < 0.05).
III. RESULTS
A. BE and Yield of A. polytricha Extract
In this study, formation of A. polytricha primordia was observed after 1 week of induction. Sporophores were observed 2 weeks after that (Fig. 1) . Mushrooms can be harvested up to 4 times from each bag. Mushroom yield was expressed in terms of BE, which can determine the effectiveness of the substrate on which the mushroom grows. The mean BE of A. polyticha was 80.9 ± 7.9 (Table 1) .
A. polytricha
the ethyl acetate fraction. Table 3 presents the concentration of total phenolic compounds (milligrams GAE per gram dry weight) of the crude ethanol and solvent-partitioned fractions of A. polytricha. The largest amount of phenolics was found in the ethyl acetate fraction (105.50 ± 3.15 mg GAE/g), and the amount decreased among the
B. Total Phenolic Content (Folin-Ciocalteu Assay)
C. Antioxidant Activities of A. polytricha Solvent Extract and Fractions
DPPH Radical Scavenging Assay
The antioxidant activity (DPPH radical scavenging assay) of the crude ethanol and solvent-partitioned fractions of A. polytricha are presented as IC 50 in Table 4 . In this study, the highest DPPH radical scavenging fractions. The capacity of Trolox (IC 50 higher than that of all the mushroom-derived samples.
Ferric-Reducing Antioxidant Power
The reducing capacity of the samples was determined by measuring ferric-reducing antioxidant power (FRAP). As illustrated in Table 4 , the ethyl acetate fraction exerted the highest antioxidant capacity at 616.76 ± 3.71 mg TE/mg extract. The FRAP of the crude ethanol and solvent-partitioned fractions
Superoxide Anion Radical Scavenging
In this study, none of the A. polytricha samples were effective in scavenging superoxide anions, except for the aqueous fraction. Trolox, which was used as the positive control, was active in scavenging the reactive radical at a concentration of 1.72 ± 0.06 mg/mL. Table 4 shows that the aqueous fraction has potential to scavenge superoxide anions, with an IC 50 of 4.25 ± 0.38 mg/mL. 
OH Scavenging
scavenging activity, with an IC 50 P < 0.05) from that of the positive control Trolox (IC 50 50 of 0.54 ± 0.01, 0.44 ± 0.05, and 1.98 ± 0.07 mg/mL, respectively (Table 4) .
Oxygen Radical Absorbance Capacity
All samples of A. polytricha and Trolox had the ability to scavenge peroxyl radicals. The ORAC of A. polytricha Data are the mean ± standard deviation. Means with different letter P < 0.05). GAE, gallic acid equivalent.
IV. DISCUSSION
A. polytricha is consumed by many and favored in industry. In addition to fetching a high price, it can be sold fresh or dried, eliminating marketing problems if the amount produced exceeds that of other mushfractions. A potential antioxidant might respond differently in diverse testing systems. 23 Therefore, multiple antioxidant assays should be carried out to rule out the mode of action of a potential antioxidant compound.
A. A. polytricha Yield
Primordia formation was induced by slitting the plastic bags either horizontally or vertically using a clean blade, thereby injuring the mycelia growing inside the fruiting bags. Mechanical injury can stimulate fruiting body development as a result of a high level of ROS-enhanced cell differentiation. 24 According to Cotter, 25 mycelia will not produce mushrooms if the environment is too dry. Relative humidity affects sporophore initiation and is usually conducive to the initiation of fruiting. 26 In this study, cultivation on rubberwood under cultivation on sawdust supplemented with oil palm wastes: sawdust supplemented with oil palm fronds 3 Even though the yield was high when supplemented with palm wastes, oil palm fronds are not easily available in bulk for large-scale cultivation because the leaves of oil palm trees are scattered on the ground, and the use of empty fruit bunches requires an industrial grinder to convert them to small particles. Rubberwood sawdust is easily accessible; however, the formulation needs to be further optimized using various nitrogen sources in order to determine the best carbon-to-nitrogen ratio to increase yield. Research by Okhuoya et al. 27 and a report from Stamets and Chilton 28 indicated that a well-balanced carbon-to-nitrogen ratio enhances the growth and development of mushrooms, whereas an unbalanced carbon-to-nitrogen ratio hinders growth.
B. Extraction Yield and Total Phenolic Content of A. polytricha
In this study, the yield of the crude ethanol extract of A. polytricha however, comparable with the yield of Auricularia auricula-judae obtained by Oke and Aslim. 29 The slight difference between the 2 yields may be due to the different solvent used for extraction. Folin-Ciocalteu reagent is a mixture of phosphotungstic and phosphomolybdic acids. Gallic acid was used as a standard compound, and total phenols were expressed as milligrams per gram GAE. From the results obtained, the ethyl acetate fraction showed the highest capacity to chemically reduce the molybdenum component of the phosphotungstic-phosphomolybdic reagent, which resulted in the color of the Folin-Ciocalteu reagent changing from yellow to blue. 30 However, it should also be taken into consideration that nonphenolic compounds such as ascorbic acid, organic acids, sugars, and aromatic amines can also react with Folin-Ciocalteu reagent. 31, 32 C. Antioxidant Activity
DPPH Radical Scavenging Assay
The DPPH assay is an easy, economical, and quick method to evaluate antioxidant (radical scavenging) capacity. Antioxidants quench stable DPPH radicals via hydrogen atom transfer or electron donation, 33 which causes the purple color of the DPPH radical solution to fade or disappear, resulting in a decrease in absorbance at 517 nm. The extent to which the purple color diminishes reveals the scavenging potential of an antioxidant. The DPPH radical scavenging effect of the ethyl acetate fraction was the highest among the A. polytricha samples. The crude ethanol fraction was the second most active in scavenging DPPH radicals in this study.
Ferric-Reducing Antioxidant Power
The FRAP assay was used to assess the capacity of antioxidant compounds to reduce ferric ions (Fe ) to ferrous ions (Fe ) via electron transfer. An increase in absorbance indicated an increase in antioxidant activity. Furthermore, reducing power is associated with the presence of reductones, which exert antioxidant action by breaking the free radical chain through the reduction of oxidized intermediates of the lipid peroxidation processes, thereby acting as primary and secondary antioxidants. 34 Results showed that the A. polytricha samples.
Superoxide Anion Radical Scavenging
Superoxide anions are the predominant cellular free radical 35 and the precursor of other, more powerful 36 Therefore, scavenging superoxide anions prevents the formation of other reactive ROS. The superoxide anion scavenging capacity of the aqueous fraction and Trolox showed proton-donating capability and thereby action as antioxidants. In this study, the aqueous fraction showed moderate activity in scavenging superoxide anions compared with that of Trolox.
OH· Scavenging
OH· are the most reactive oxidant 37 and are an important initiator of peroxidation of membrane lipids, phospholipids, and cholesterol. 38 They remove methylene hydrogen atoms from polyunsaturated fatty acids present in membranes to produce lipid-derived free radicals that establish a chain reaction triggering further free radical-mediated peroxidation of polyunsaturated membrane lipids, generating new hydroxy peroxide products. 39 Therefore, the potency in scavenging OH· suggests an ability to prevent lipid peroxidation. The potential scavenging ability of A. polytricha samples might be due to the active hydrogen-donating ability of the antioxidant compounds present in the samples. In this study the ethyl acetate fraction was the most active OH· scavenger, followed by the aqueous and crude ethanol fractions.
Oxygen Radical Absorbance Capacity
Peroxyl radicals are capable of rapidly attacking biomolecules with high electron densities, such as unsaturated fatty acids, DNA, and proteins, as a result of their extremely unstable and electrophilic character. 40 In addition, peroxyl radicals are predominantly found in lipid oxidation biological systems.
41 Antioxidants break radical chains by donating hydrogen atoms to peroxyl radicals. 42 The ethyl acetate fraction of A. polytricha had the highest capacity to neutralize peroxyl radicals.
V. CONCLUSIONS
Cultivation of A. polytricha
A. polytricha exhibited antioxidant properties mediated by effective free radical scavenging potential, as shown by the different in vitro antioxidant assays performed in this study. Based on these observations, the ethyl acetate fraction of A. polytricha -ing capability, with the exception of superoxide anions. The aqueous fraction of A. polytricha showed good antioxidant potential in scavenging all kinds of radical groups. Both fractions of A. polytricha may contain different compound(s) that could be responsible for distinguishing their effects against particular radicals. Further study using both fractions will shed light on their potential effects and mechanisms in oxidative stress-related treatment assays.
